Introduction {#sec1-1}
============

Membranous nephropathy (MN) is a leading cause of nephrotic syndrome in adults, with a potential for progression to end-stage renal disease in 40--50% of untreated patients in 10--15 years.\[[@ref1][@ref2]\] MN can be idiopathic or secondary to a host of causes, viz. infections, drugs, toxins, autoimmune diseases, and malignancy. Diagnostic work-up differs significantly between the two forms. For secondary MN, therapy is focused on underlying cause but primary MN is treated with immunosuppressant drugs.

Primary MN has been a diagnosis of exclusion until 2009, when Beck *et al*. demonstrated auto antibodies against M-type phospholipase A~2~ receptor (PLA~2~R, a membrane glycoprotein located on the podocytes) in 60--80% of such patients.\[[@ref3][@ref4]\] This landmark discovery supports the notion that primary MN is an organ limited autoimmune disease. There is paucity of Indian data on the prevalence of anti-PLA~2~R and its clinical utility in MN. We analyzed the prevalence of this antibody among primary MN and its correlation with disease severity.

Subjects and Methods {#sec1-2}
====================

Biopsy proven MN patients who presented to our department during the period from October 2011 to September 2014 was included in the study. They were categorized into primary and secondary MN. Investigations were done to find out secondary causes of MN viz. HBsAg, HIV antibody, hepatitis C virus antibody, anti-nuclear antibody, stool for occult blood, mammography in women, prostate specific antigen in men, and upper gastrointestinal endoscopy in selected patients. Those patients without any identifiable secondary cause were categorized as primary MN and those patients who received steroids and immunosuppressants were excluded from the study. Serum anti PLA~2~R antibody test was done in all patients by indirect immunofluorescence test (IIFT Mosaic; EUROIMMUN AG, Lübeck, Germany). Institutional ethical committee approval was obtained for the study.

Clinical data {#sec2-1}
-------------

Patients were categorized into three groups according to their risk for progression to chronic kidney disease as per KDIGO guidelines. Low risk was defined as urine protein creatinine ratio (uPCR) \<4 g/g and estimated glomerular filtration rate (eGFR) \>60 ml/min/1.73 m^2^ (calculated using modified modification of diet in renal disease formula), moderate risk included uPCR 4--8 g/g and eGFR \>60 ml/min/1.73 m^2^, and high-risk as uPCR \>8 g/g or eGFR \<60 ml/min/1.73 m^2^.

Demonstration of serum anti-phospholipase A~2~ receptor antibody {#sec2-2}
----------------------------------------------------------------

Anti-phospholipase A~2~ receptor antigen in the glomerulus can be demonstrated by immunohistochemistry and circulating anti-PLA~2~R antibodies are detected by serological tests. There are three different methods of detection of APLA~2~R antibody viz. Western blot, indirect immunofluorescence assay (IIF), and ELISA. Advantages of ELISA and Western blot techniques include ability to detect and quantify the circulating antibodies but they are expensive and time consuming. IIF is a rapid, inexpensive qualitative and semi quantitative test. We employed IIFT using EUROIMMUN AG (GERMANY) in the study. IIFT has been shown to be concordant with other methods.\[[@ref3]\]

Indirect immunofluorescence employs a mosaic of two different biochips mounted on a slide. One biochip is coated with human embryonic kidney (HEK) 293 cells that express PLA~2~R-protein and the other HEK 293 without this antigen as substrates. Serum samples were incubated for 30 min on the slide and fluorescein isothiocyanate-conjugated anti human IgG antibody from goat was used to detect bound IgG antibody. The assay is considered positive, when specific cytoplasmic fluorescence of transfected cells occurs in 1 in 10 dilution of serum under fluorescence microscope. In IIF, antibody positivity was graded as mild (intensity 1+), moderate (intensity 2+) and severe (intensity 3+) in 1 in 10 dilution of serum \[[Figure 1](#F1){ref-type="fig"}\].

![Various grades of staining of anti-phospholipase A~2~ receptor (anti-PLA~2~R) antibodies by Indirect Immunofluorescence. Detection of serum anti-PLA~2~R antibodies by immunofluorescence in 1:10 dilution of serum by florescence microscope graded as (a) negative, (b) mild (1 + intensity), (c) moderate (2+ intensity), (d) severe (3+ intensity)](IJN-26-257-g001){#F1}

Statistical analysis {#sec2-3}
--------------------

Data were presented as the mean ± standard deviation. Statistical significance was considered when *P* \< 0.05. Student\'s *t*-test and analysis of variance were used for parametric analysis. Categorical variables were described as frequencies or percentages, and the data were analyzed with Chi-square test. Correlation between two parameters was assessed using Pearson coefficient of correlation. All the statistical analyses were done using GraphPad software (^©^ Graphpad software, Inc.).

Results {#sec1-3}
=======

Seventy-five patients were included in the study. Mean duration of follow-up was 18 months (range 1--34 months). Secondary causes were noted in 15 patients (20%), and the remaining 60 (80%) patients were presumed to have primary MN. The causes of secondary MN in the study were systemic lupus nephritis (*n* = 11), rheumatoid arthritis (*n* = 1), malignancy (*n* = 1), hepatitis B virus (*n* = 1) and probable native drugs (*n* = 1). Among Primary MN, 38 were males (M:F ratio: 2:1). The mean age of the study group was 43.5 years (range16--67 years). Hypertension and diabetes at presentation were noted in 10 and 3 patients respectively. Mean uPCR was 5.5 (range 2.3--10.2 g protein/g creatinine). Hypoalbuminemia (serum albumin \<3 g/dl) was seen in 20 (33.9%) and renal dysfunction (eGFR \<60 ml/min) was found in 15 (25.4%) patients. Deep venous thrombosis was seen in 4 (6.7%) patients at presentation.

Prevalence of anti-phospholipase A~2~ receptor antibody and sensitivity {#sec2-4}
-----------------------------------------------------------------------

Serum PLA~2~R antibody was positive in 45 of 60 patients with primary MN but in none of the patients with secondary MN. Prevalence of serum anti-PLA~2~R for primary MN in our study was 75%.

Correlation between clinical features and anti-phospholipase A~2~ receptor antibody reactivity {#sec2-5}
----------------------------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the demographic and clinical characteristics of primary MN patients at the time of presentation. Patients with antibody reactivity had severe proteinuria compared to those without antibody reactivity (uPCR 5.98 g/g vs. 4.3 g/g, *P* = 0.0006). The serum albumin level was significantly lower in patients with antibody reactivity (3.04 g/dl vs. 3.5 g/dl *P* = 0.0001). A significant proportion of patients with antibody positivity had nephrotic range of proteinuria than those who tested negative (79.2% vs. 20.8% *P* = 0.0001). There was a significant correlation between antibody positivity with quantum of proteinuria (*r* = 0.465, *P* = 0.02 [Figure 2](#F2){ref-type="fig"}\]. The proportion of high-risk patients increases with increasing intensity of staining \[[Figure 3](#F3){ref-type="fig"}\].

###### 

Clinical and laboratory profile of patients with iMN according to anti-PLA~2~R Ab reactivity

![](IJN-26-257-g002)

![Correlation between proteinuria and anti-phospholipase A~2~ receptor intensity (Pearson correlation)](IJN-26-257-g003){#F2}

![Proportion of high-risk patients increases with more intense staining of anti-phospholipase A~2~ receptor](IJN-26-257-g004){#F3}

Discussion {#sec1-4}
==========

Membranous nephropathy is characterized by the formation of immune deposits over the glomerular basement membrane, which causes membrane like thickening. The immune deposits consist of IgG, predominantly IgG~4~ against unidentified antigens, and a search that had been fruitless for five decades. Beck *et al*. made a path-breaking discovery that M type PLA~2~R expressed on the podocyte is a major target antigen in primary MN.\[[@ref3]\] PLA~2~R, a glycoprotein of the mannose receptor family is a type I transmembrane receptor for secretory phospholipase. The predominant circulating immunoglobulin against PLA~2~ is IgG~4~ which co-localizes within the glomerular immune deposits. In short, Beck *et al*. hypothesized that in human primary MN, subepithelial deposits form *in situ* by binding of circulating anti-PLA~2~R antibodies with PLA~2~R antigen expressed on the surface of the podocyte, which causes immune-mediated injury resulting in proteinuria. In our study, 75% of patients with primary MN had circulating auto antibodies against PLA~2~R in their serum using IIF. Prevalence of PLA~2~R antibodies in patients with primary MN varies between 52% to 82% in various studies\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\] conducted in different ethnic populations. There is paucity of Indian data. The only available study by Ramachandran *et al*. was done in 36 patients with primary MN which showed a prevalence of serum anti-PLA~2~R (ELISA) and PLA~2~R antigen in glomerular tissue of 58.3% and 83.3% respectively.\[[@ref10]\]

Our study found significant differences in baseline characteristics between anti PLA~2~R positive and negative cohorts at time of presentation similar to studies done elsewhere.\[[@ref7][@ref8][@ref9]\] Nephrotic proteinuria was present in all those patients who were positive for anti PLA~2~R antibodies. Proteinuria and hypoalbuminemia were severe in those patients having antibody positivity when compared to those patients showing negative for the same, but there was no significant difference in age, sex and renal function between the groups. This finding was consistent with other studies.\[[@ref7][@ref8][@ref9]\] Our study also validates the observation that anti PLA~2~R reactivity correlates with disease severity. Many studies have demonstrated the correlation of anti PLA~2~R levels and proteinuria using western blot and ELISA techniques. We found weak (*r* = 0.46) but significant correlation (*P* = 0.02) with IIFT method between anti PLA~2~R levels and quantum of proteinuria. These findings were in concordance with studies conducted in different ethnic population using ELISA and Western blot techniques.\[[@ref11][@ref12]\] Anti PLA~2~R antibodies were not detected in about 25% of our patients with primary MN. During the follow-up period, none developed any clinically identifiable secondary cause for MN. In our study, antibody test was done at the time of presentation itself when the disease was very much active. One reason attributed to less prevalence of antibodies was delay in serum sampling after renal biopsy. The mean time interval between kidney biopsy and performance of the test was only 2 weeks in contrast to other studies where the antibody test was done after significant delay\[[@ref7][@ref13]\] (mean time interval: 6--8 weeks). Hence, there could be other unidentified glomerular antigens against which antibodies are formed in primary MN. Recently in yet another breakthrough, circulating auto antibodies against THSD7A (thrombospondin type 1 domain containing 7A) was identified in primary MN patients who were negative for anti PLA~2~R antibodies.\[[@ref14]\]

In a study by Qin *et al*.,\[[@ref15]\] serum anti PLA~2~R antibodies was found to be positive in 6 of 46 patients with apparent secondary causes viz SLE, hepatitis B infection and malignancy. But in our study none of the 15 patients with secondary MN showed positivity for antibodies. Also, none of the 45 patients who tested positivity developed any features suggestive of secondary cause for MN during the follow-up period.

Several studies have already demonstrated close association of serum anti-PLA~2~R antibodies with proteinuria, and hence it can be used as a marker of disease activity \[[Table 2](#T2){ref-type="table"}\]. A study by Hoxha *et al*.\[[@ref13]\] confirmed the presence of higher PLA~2~R antibody level as an independent risk factor for nonremission of proteinuria and demonstrated that decrease in PLA~2~R antibody level is associated with decrease in proteinuria. The disappearance of antibodies has been demonstrated in patients who undergo spontaneous remission. Hence, this test also can serve as a marker of response to therapy as well.

###### 

Comparison of various studies in patients with PrimaryMN with current study

![](IJN-26-257-g005)

There are several limitations of our study. Though we categorized the positive patients according to the degree of intensity, we could not measure the antibody titer in serial dilution for logistic reasons. We did not do tissue staining of PLA~2~R antigen and its correlation with serum antibody levels. Also, we could not serially repeat the test to assess its correlation with clinical outcome. In conclusion, serum anti PLA~2~R is a reliable specific marker for the diagnosis of primary MN, and it correlates with disease activity also. Anti-PLA~2~R positivity negates the need for evaluation of secondary causes of MN. This study has validated utility of the test in Indian population.
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